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(54) Surface acoustic wave filter apparatus and communications apparatus 



(57) First through fourth longitudinally-coupled-res- 
onator-type SAW filter devices (101-4) are formed on a 
piezoelectric substrate. Each SAW filter device includes 
three interdigital transducers (IDTs) (121-3/122,123, 
128) disposed in a SAW propagating direction, and re- 
flectors (124,125/126,127) disposed such that they 
sandwich the IDTs therebetween. The SAW filter devic- 
es are provided with a balanced-to-unbalanced input/ 
output function. The reflectors (124-5) of the first and 
second SAW filter devices (101-2) are different from 
those (1 26-7) of the third and fourth SAW filter devices 
(1 26-7) in at least one of the number, the pitch, the duty 
ratio, and the thickness of the electrode fingers of the 
reflectors. 



FIG.1 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave (SAW) filter apparatus, and more partic- 
ularly, to a SAW filter apparatus having a balanced-to- 
unbalanced conversion function and having different im- 
pedance characteristics at an input side and an output 
side of the SAW apparatus. The invention also relates 
to a communications apparatus provided with the 
above-described SAW filter apparatus. 



2. Description of the Related Art 

[0002] There has been significant technological 
progress in decreasing the size and the weight of port- 
able communications apparatus., such as cellular tele- 
phones. One means to achieve such progress is to re- 
duce the number and the size of the individual compo- 
nents of communications apparatus. Additionally, com- 
ponents having composite functions are being devel- 
oped. 

[0003] In view of this background, research is being 
actively conducted on a SAW filter apparatus used in an 
RF stage provided with a baianced-to-unbalanced con- 
version function (so-called "balun function"). Such SAW 
filter apparatuses are being mainly used in a global sys- 
tem for mobile communications (GSM). 
[0004] Generally, in a communications apparatus, an 
unbalanced signal having a characteristic impedance of 
50 Q is used for a portion from an antenna to a filter. For 
an amplifier, which is the subsequent stage of the filter, 
a balanced signal having an impedance of 150 to 200 
Q is usually used. 

[0005] As a SAW filter apparatus provided with a bal- 
un function for converting a 50 Q. unbalanced signal into 
a 1 50 a to 200 Q balanced signal, a SAW filter appara- 
tus which implements an unbalanced input and a bal- 
anced output by using four SAW filter devices is dis- 
closed in, for example, Japanese Unexamined Patent 
Application Publication No. 10-117123. The configura- 
tion of the SAW filter apparatus disclosed in this publi- 
cation is shown in Fig. 8. 

[0006] The SAW filter apparatus shown in Fig. 8 in- 
cludes two SAW filter units 511 and 512. The SAW filter 
unit 51 1 is formed by cascade-connecting SAW filter de- 
vices 501 and 502 having equal phase characteristics, 
while the SAW filter unit 51 2 is formed by cascade-con- 
necting SAW filter devices 503 and 504, whose trans- 
mission phase characteristics are about 180° out of 
phase with each other. The input terminals of the SAW 
filter units 511 and 512 are connected in parallel to each 
other by an unbalanced terminal 505, while the output 
terminals of the SAW filter units 511 and 512 are con- 
nected in series to each other by balanced terminals 506 



and 507. 

[0007] In the SAW filter apparatus provided with the 
above-described balanced-to-unbalanced input/output 
function, the outputs from the balanced terminals 506 
5 and 507 are used as a difference between the balanced 
terminals 506 and 507. Accordingly, the maximum out- 
put can be obtained when the electrical signals from the 
balanced terminals 506 and 507 are 180° out of phase 
with each other. Conversely, when the electrical signals 
10 from the balanced terminals 506 and 507 are in phase 
with each other, they cancel each other out. Accordingly, 
a higher level of attenuation can be obtained as the two 
electrical signals have closer levels. 
[0008] Thus, the SAW filter apparatus is desirably 
is configured so that the outputs of the balanced terminals 
506 and 507 are 1 80° out of phase with each other in 
the pass band, and they are in phase with each other in 
the stop band (other than the pass band). 
[0009] In the SAW filter apparatus disclosed in Japa- 
20 nese Unexamined Patent Application Publication No. 
10-117123, four SAW filter devices are used, and for in- 
verting the phase of one of the SAW filter devices, the 
directions of the comb-like electrodes (interdigital trans- 
ducers: hereinafter simply referred to as "IDTs") are in- 
25 verted with respect to the SAW propagating direction as 
the symmetric axis, orthe pitch between the IDTs of one 
of the SAW filter devices 511 and 512 is increased by 
0.5X. (wavelength). 

[0010] With this configuration, the phase characteris- 
30 tics of the balanced terminals 506 and 507 are inverted 
in the pass band, while they are in phase with each other 
in a frequency band in which a SAW is not excited. 
[001 1 ] In the above-configured SAW filter apparatus, 
however, spurious responses are generated in a region 
35 in the vicinity of the pass band due to the excitation of 
a SAW, and the phase characteristics of the balanced 
terminals 506 and 507 in the region in which spurious 
responses are generated are disadvantageously invert- 
ed with each other, as in the pass band. Thus, signals 
40 output from the balanced terminals 506 and 507 do not 
cancel each other out, and the attenuation in the fre- 
quency region other than the pass band is not sufficient. 



SUMMARY OF THE INVENTION 



45 



[0012] Accordingly, it is an object of the present inven- 
tion to provide a SAW filter apparatus provided with a 
balanced-to-unbalanced input/output function exhibit- 
ing high attenuation characteristics even in a region 

so near the pass band, and also to provide a communica- 
tions apparatus including such a SAW filter apparatus. 
[0013] In order to achieve the above object, according 
to one aspect of the present invention, there is provided 
a SAW filter apparatus including a SAW filter device 

55 formed on a piezoelectric substrate. The SAW filter de- 
vice includes a plurality of IDTs formed in a SAW prop- 
agating direction, and reflectors disposed for reflecting 
the SAW propagating from each of the plurality of IDTs 
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to the corresponding IDT. The SAW device is provided 
with a balanced-to-unbalanced conversion function. 
The structure of at least one of the reflectors is different 
from the structure of the other reflector. 
[001 4] With this configuration, by providing a plurality 
of IDTs formed in the SAW propagating direction, a fil- 
tering function, which is determined by the conversion 
between the electrical signal of each IDT and the SAW, 
can be exhibited in which the electrical signals in the 
pass band are allowed to pass with a low insertion loss 
and the electrical signals outside the pass band are sup- 
pressed. In addition to the filtering function, the SAW 
filter device is provided with the balanced-to-unbal- 
anced conversion function. The reflectors for reflecting 
the SAWs propagating from the IDTs to the IDTs are also 
provided for the SAW filter device, thereby improving the 
conversion efficiency from the generated SAWs to the 
electrical signals. 

[001 5] Additionally, the structure of at least one of the 
reflectors is different from that of the other reflector. 
Thus, the generation of unwanted spurious responses 
in a region outside the pass band and, in particular, in a 
region near the pass band, can be suppressed, thereby 
obtaining a sufficient attenuation level. 
[0016] According to another aspect of the present in- 
vention, there is provided a SAW filter apparatus includ- 
ing a first SAW filter device disposed on a piezoelectric 
substrate and including a plurality of IDTs formed in a 
SAW propagating direction, and reflectors disposed 
such that they sandwich the plurality of IDTs therebe- 
tween. A second SAW filter device is disposed on the 
piezoelectric substrate and includes a plurality of IDTs 
formed in a SAW propagating direction, and reflectors 
disposed such that they sandwich the plurality of IDTs 
therebetween. The transmission phase characteristics 
of the second SAW filter device are 1 80° out of phase 
with those of the first SAW filter device. An unbalanced 
terminal is used for electrically connecting one terminal 
of the first SAW filter device in parallel to one terminal 
of the second SAW filter device. Balanced terminals are 
used for electrically connecting the other terminal of the 
first SAW filter device to the other terminal of the second 
SAW filter device. The structure of the reflectors of the 
first SAW filter device is different from that of the reflec- 
tors of the second SAW filter device. 
[0017] In the aforementioned SAW filter apparatus, 
the reflectors of the first SAW filter device may be differ- 
ent from those of the second SAW filter device in at least 
one of the number, the pitch, the duty ratio, and the thick- 
ness of the electrode fingers of the reflectors. 
[0018] With this configuration, the structure of at least 
one of the reflectors is different from that of the other 
reflectors. Thus, the generation of unwanted spurious 
responses in a region outside the pass band and, in par- 
ticular, in a region near the pass band,' can be sup- 
pressed, thereby easily obtaining a sufficient attenua- 
tion level even with one stage of filter devices. 
[0019] According to still another aspect of the present 



invention, there is provided a SAW filter apparatus in- 
cluding first, second, and third SAW filter devices 
formed on a piezoelectric substrate. Each of the first, 
second, and third SAW filter devices includes a plurality 
5 of IDTs formed in a SAW propagating direction, and re- 
flectors disposed such that they sandwich the plurality 
of IDTs therebetween. A fourth SAW filter device is 
formed on the piezoelectric substrate and includes a 
plurality of IDTs in a SAW propagating direction, and re- 
io flectors disposed such that they sandwich the plurality 
of IDTs therebetween. The transmission phase charac- 
teristics of the fourth SAW filter device are 180° out of 
phase with those of the first, second, and third SAW filter 
devices. An unbalanced terminal is used for electrically 
15 connecting one terminal of a first group obtained by cas- 
cade-connecting the first and second SAW filter devices 
in parallel to one terminal of a second group obtained 
by cascade-connecting the third and fourth SAW filter 
devices. Balanced terminals are used for electrically 
20 connecting the other terminal of the first group in series 
to the other terminal of the second group. The structure 
of the reflectors of at least one of the first through fourth 
SAW filter devices is different from that of the reflectors 
of the other SAW filter devices. 
25 [0020] With this configuration, by providing a plurality 
of stages of filter devices, a balanced-to-unbalanced in- 
put/output function having different input/output imped- 
ances can be exhibited. By differentiating the structures 
of the reflectors, the generation of unwanted spurious 
30 responses in a region outside the pass band, in partic- 
ular, in a region near the pass band, can be suppressed, 
and the attenuation level can be further improved over 
that obtained by a SAW filter apparatus having a first 
stage of filter devices. 
35 [0021] In the aforementioned SAW filter apparatus, 
the structure of the reflectors of the first group may be 
different from that of the reflectors of the second group. 
With this arrangement, the generation of unwanted spu- 
rious responses in a region outside the pass band, in 
40 particular, in a region nearthe pass band, can be reliably 
suppressed. 

[0022] In the aforementioned SAW filter apparatus, 
the structures of the reflectors may be different among 
the first through fourth SAW filter devices in at least one 

45 of the number, the pitch, the duty ratio, and the thickness 
of electrode fingers of the reflectors. 
[0023] According to a further aspect of the present in- 
vention, there is provided a communications apparatus 
including one of the above-described SAW filter appa- 

so ratuses. 

[0024] By using the SAW fitter apparatus having a low 
insertion loss in the pass band and a high attenuation 
level in a region outside the pass band, in particular, in 
a region lower than the pass band, and exhibiting excel- 
55 lent transmission characteristics, the communications 
apparatus exhibits excellent communication character- 
istics. 

[0025] The above and other objects, features, advan- 
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tages of the present invention will become clear from a 
reading of the following description of preferred embod- 
iments thereof, given by way of example, with reference 
to the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

Fig. 1 is a schematic diagram illustrating a SAW fil- 
ter apparatus according to a first embodiment of the 
present invention; 

Fig. 2 is a diagram illustrating the transmission char- 
acteristics with respect to the frequency in the SAW 
filter apparatus shown in Fig. 1 ; 
Fig. 3 is a diagram illustrating the transmission char- 
acteristics with respect to the frequency in a known 
SAW filter apparatus; 

Fig. 4 is a schematic diagram illustrating a SAW fil- 
ter apparatus according to a second embodiment 
of the present invention; 

Fig. 5 is a schematic diagram illustrating a SAW fil- 
ter apparatus according to a third embodiment of 
the present invention; 

Fig. 6 is a schematic diagram illustrating a SAW fil- 
ter apparatus according to a fourth embodiment of 
the present invention; 

Fig. 7 is a block diagram schematically illustrating 
a communications apparatus according to a fifth 
embodiment of the present invention; and 
Fig. 8 is a schematic diagram illustrating a known 
SAW filter apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] The present invention is described in detail be- 
low with reference to Figs. 1 to 7 through illustration of 
preferred embodiments. 

[0028] In a SAW filter apparatus constructed in ac- 
cordance with a first embodiment of the present inven- 
tion, as shown in Fig. 1, first through fourth SAW filter 
devices 101 through 104 are formed on a piezoelectric 
substrate. The transmission phase characteristics of the 
fourth SAW filter device 104 are substantially 180° out 
of phase with those of the third SAW filter device 103. 
The piezoelectric substrate is not shown in Fig. 1 . 
[0029] The first SAW filter device 1 01 has three IDTs 
123, 121, and 122. The IDTs each have a strip-like base 
portion {bus bar) and two electrode portions provided 
with a plurality of strip-like electrode fingers. The elec- 
trode fingers extend orthogonally from one side of the 
base portion such that they are parallel to each other. 
The electrode fingers also interdigitate with each other 
such that the sides thereof face each other. 
[0030] In the above-configured IDTs : the signal con- 
version characteristics and the pass band (in other 
words, the bands other than the pass band) can be de- 



termined by setting the length and the width of each 
electrode finger, the pitch between adjacent electrode 
fingers, and the length by which interdigitated electrode 
fingers face each other (hereinafter referred to as the 

5 "interdigital length"). 

[0031] The IDTs 123, 121 , and 122 are disposed on 
the piezoelectric substrate so that the electrode fingers 
extend orthogonal to the SAW propagating direction, 
and also the IDTs 123, 1 21 , and 122 are disposed in this 

fo order in accordance with the SAW propagating direc- 
tion. The central IDT 1 21 includes a signal electrode fin- 
ger 1 21 a connected to an unbalanced terminal 111, and 
a ground electrode finger 121b. The IDT 1 22 includes a 
signal electrode finger 1 22a and a ground electrode fin- 

is ger 1 22b. The IDT 1 23 includes a signal electrode finger 
123a and a ground electrode finger 123b. 
[0032] In the first SAW filter device 101, reflectors 1 24 
and 125 are disposed along the SAW propagating di- 
rection such that they sandwich the IDTs 1 23, 121 , and 

20 1 22 therebetween. The reflectors 1 24 and 1 25 have the 
function of reflecting a propagating SAW thereon and 
reflecting back the SAW to the original position. 
[0033] Accordingly, the reflector 124 is disposed in the 
SAW propagating direction opposite to the IDT 121 

25 across the IDT 122, while the reflector 125 is disposed 
in the SAW propagating direction opposite to the IDT 
121 across the IDT 123. 

[0034] Each of the reflectors 124 and 125 includes a 
pair of strip-like base portions (bus bars) and a plurality 
30 of electrode fingers extending from one side of each of 
the base portions on the piezoelectric substrate. The 
electrode fingers extend parallel with each other and ex- 
tend in the direction orthogonal to the longitudinal direc- 
tion of the base portions so as to interconnect the two 
35 base portions. 

[0035] With this configuration, the reflectors 124 and 
125 are excited by the propagating SAW, and a SAW 
generated by the excitation electrical signal cancels the 
propagating SAW. The reflectors 1 24 and 1 25 also gen- 
40 erate a SAW in the opposite direction to the SAW prop- 
agating direction. That is, the reflectors 1 24 and 1 25 re- 
flect the propagating SAW in a pseudo manner. 
[0036] The second SAW filter device 102 has the 
same amplitude characteristics and the phase charac- 
45 teristics as those of the first SAW filter device 101 . 
[0037] The second SAW filter device 1 02 is disposed 
so that the SAW propagating direction thereof is sub- 
stantially parallel to that of thefirst SAW filter device 1 01 , 
and that the second SAW filter device 1 02 is symmetri- 
se? cal to the first SAW filter device 1 01 with respect to the 
above-described SAW propagating direction. 
[0038] With this arrangement, the first SAW filter de- 
vice 101 and the second SAW filter device 102 can be 
positioned in close proximity with each other, and the 
55 connection thereof can be simplified, thereby decreas- 
ing the size of the filters. 

[0039] In the above-configured second SAW filter de- 
vice 102, signal electrode fingers 122a and 123a are 
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connected to the signal electrode fingers 122a and 
123a, respectively, of the first SAW filter device 101 , and 
thus, the first and second SAW filters 101 and 102 can 
be cascade-connected. A signal electrode finger 121a 
of the central IDT 121 of the second SAW filter device 

102 is connected to one balanced terminal 112. 
[0040] The configuration of the third SAW filter device 

103 is similar to that of the first SAW filter device 101, 
except that reflectors 1 26 and 1 27 which are configured 
differently from the reflectors 1 24 and 125 are used (for 
example, the number of electrode fingers are different). 
[0041] It is preferable that the third SAW filter device 
1 03 is disposed on the SAW propagation path of the first 
SAW filter device 1 01 and in series to the SAW propa- 
gating direction of the first SAW filter device 1 01 . In the 
first SAW filter device 101, the reflectors 124 and 125 
are disposed such that they sandwich the IDTs 122, 121 , 
and 123 therebetween, and in the third SAW filter device 
103, the reflectors 126 and 127 are disposed such that 
they sandwich the IDTs 122, 121, and 123 therebe- 
tween. Accordingly, the interference of the SAWs be- 
tween the first and third SAW filter devices 1 01 and 1 03 
can be prevented. 

[0042] With this arrangement, the third SAW filter de- 
vice 1 03 can be disposed in series to the first SAW fitter 
device 101, and the size of the resulting SAW apparatus 
can be reduced compared to a SAW apparatus in which 
SAW filter devices are disposed outside the SAW prop- 
agation path. 

[0043] The configuration of the fourth SAW filter de- 
vice 1 04 is similar to that of the third SAW filter device 
103, except that a central IDT 128 which is 180° out of 
phase with the central IDT 121 of the third SAW filter 
device 103 is used. 

[0044] Signal electrode fingers 1 22a and 1 23a of the 
fourth SAW filter device 1 04 are respectively connected 
to the signal electrode fingers 1 22a and 1 23a of the third 
SAW filter device 103. A signal electrode finger 128a of 
the IDT 128 of the fourth SAW filter device 104 is con- 
nected to the other balanced terminal 113. 
[0045] The fourth SAW filter device 104 is disposed 
in close proximity with the third SAW filter device 1 03 so 
that the SAW propagation directions become substan- 
tially parallel with each other. The SAW propagating di- 
rection of the fourth SAW filter device 104 may be on 
the SAW propagation path of the second SAW filter de- 
vice 102. With this configuration, the size of the resulting 
SAW filter apparatus can be further reduced. 
[0046] Examples of the specific configurations of the 
first through fourth SAW filter devices 101 through 104 
are as follows. 

The configuration of the first SAW filter device 101 is: 

interdigital length W: 125 ujti; 

number of pairs of electrode fingers of second IDT: 

15; 

number of pairs of electrode fingers of first IDT: 20; 
number of pairs of electrode fingers of third IDT: 1 5; 



IDT pitch PI: 2.25 ^m; 
duty ratio (electrode coverage) UP: 0.70; 
number of electrode fingers of reflector NR: 90; 
reflector pitch PR: 2.30 urn; and 
5 thickness of reflector: 370 nm. 

Theconfiguration of the second SAW filter device 102 is: 

interdigital length W: 125 u,m; 
10 number of pairs of electrode fingers of second IDT: 
15; 

number of pairs of electrode fingers of first IDT: 20; 
number of pairs of electrode fingers of third IDT: 15; 
IDT pitch PI: 2.25 p.m; 
is duty ratio (electrode coverage) UP: 0.70; 

number of electrode fingers of reflector NR: 90; 
reflector pitch PR: 2.30 u.m; and 
thickness of reflector: 370 nm. 

20 The configuration of the third SAW filter device 1 03 is: 



interdigital length W: 1 25 fim; 

number of pairs of electrode fingers of second IDT: 

15; 

number of pairs of electrode fingers of first IDT: 20; 

number of pairs of electrode fingers of third IDT: 15; 

IDT pitch PI: 2.25 p.m; 

duty ratio (electrode coverage) UP: 0.70; 

number of electrode fingers of reflector NR: 73; 

reflector pitch PR: 2.30 u.m; and 

thickness of reflector: 370 nm. 



25 
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The configuration of the fourth SAW filter device 1 04 is: 

interdigital length W: 125 u.m; 

number of pairs of electrode fingers of second IDT: 

15; 

number of pairs of electrode fingers of first IDT: 20; 

number of pairs of electrode fingers of third IDT: 1 5; 

IDT pitch Pl:2.25u.m; 

duty ratio (electrode coverage) UP: 0.70; 

number of electrode fingers of reflector NR: 73; 

reflector pitch PR: 2.30 u.m; and 

thickness of reflector: 370 nm. 

[0047] The above-described first through fourth SAW 
filter devices 1 01 through 1 04 are formed on, for exam- 
ple, a LiTa0 3 piezoelectric substrate. However, the pie- 
zoelectric substrate is not restricted to the above type. 
In the above-described specific configurations of the 
SAW filter devices, the first IDT indicates the central IDT, 
for example, the IDT 121 , and the second and third IDTs 
are IDTs disposed across the central IDT, for example, 
the IDTs 122 and 123. 

[0048] The central IDT 128 of the fourth SAW filter de- 
vice 104 is inverted to the central IDTs 121 of the first 
through third SAW filter devices 101 through 103. Ac- 
cordingly, the transmission phase characteristics of the 
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fourth SAW filter device 104 are about 180° out of phase 
with those of the first through third SAW filter devices 
101 through 103. 

[0049] A first SAW filter group consisting of the first 
and second SAW filter devices 1 01 and 1 02 is different 
from a second SAW filter group consisting of the third 
and fourth SAW filter devices 1 03 and 1 04 in the struc- 
tures of the reflectors. For example, the number of elec- 
trode fingers of the reflectors 124 and 125 are different 
from those of the reflectors 126 and 127. 
[0050] Only a few pairs of electrode fingers of each 
IDT and a few electrode fingers of each reflector are 
shown in Fig. 1 since all of them cannot be shown. 
[0051] The characteristics of the SAW filter apparatus 
of the first embodiment are shown in Fig. 2. In the first 
embodiment, the characteristics, in particular, the atten- 
uation at the range lower than the pass band, are im- 
proved over that of a known SAW apparatus having the 
characteristics shown in Fig. 3. 

[0052] In the first embodiment, substantially equal 
transmission characteristics within the stop bands of the 
reflectors 124 and 125 are obtained among the first 
through third SAW filter devices 101 through 103. 
[0053] In the fourth SAW filter device 104, transmis- 
sion characteristics within the stop bands of the reflec- 
tors 126 and 127 are obtained such that phase charac- 
teristics are substantially 1 80° out of phase with those 
of the first through third SAW filter devices 1 01 through 
1 03 and that amplitude characteristics are substantially 
the same as those of the first through third SAW filter 
devices 101 through 103. 

[0054] By connecting the above-described first 
through fourth SAW filter devices 1 01 , 1 02, 1 03, and 1 04 
as described in the first embodiment, signals whose 
phase characteristics are 180° out of phase with each 
other are input into the output balanced terminals 112 
and 113. It is thus possible to provide a SAW filter ap- 
paratus having an unbalanced inputterminal (having an 
impedance of, for example, 50 C2) and balanced output 
terminals (having an impedance of, for example, 200 a). 
[0055] In the fourth SAW filter device 1 04, by inverting 
the direction of the IDT 1 28 which excites a SAW to that 
of the IDTs 121 of the first through third SAW filter de- 
vices 101 , 102, and 103 with respect to the SAW prop- 
agating direction as the symmetric axis, the transmis- 
sion phase characteristics of thefourth SAW filter device 
104 are changed. Thus, in a region in which a SAW is 
not excited, the transmission characteristics of the 
fourth SAW filter device 1 04 are the same as those of 
the first through third SAW filter devices 101 through 
1 03. As a result, in-phase electrical signals output from 
the balanced terminals 112 and 113 cancel each other 
out, thereby obtaining a high level of attenuation. 
[0056] Even outside the stop bands of the reflectors, 
there is a frequency range near the pass band in which 
a SAW is excited. The transmission characteristics of 
this frequency range are determined by the number, the 
duty ratio (electrode coverage), the pitch, and the thick- 



ness of the electrode fingers of the reflectors. Accord- 
ingly, if the structures of the reflectors are the same 
among the first through fourth SAW filter devices 101 
through 1 04, the signals obtained at the output terminals 
5 are out of phase with each other, as in the pass band. 
Thus, a sufficient level of attenuation cannot be ob- 
tained. 

[0057] According to the first embodiment, however, 
the number of electrode fingers of the reflectors is dif- 
10 ferentiated between the reflectors 124 and 125 of the 
first and second SAW filter devices 1 01 and 1 02 and the 
reflectors 126 and 127 of the third and fourth SAW filter 
devices 1 03 and 1 04. Thus, in the region other than the 
stop bands of the reflectors, in particular, in the frequen- 
ts cy range lower than the pass band, the phase charac- 
teristics of the electrical signal are changed. 
[0058] With this configuration, the electrical signals at 
the balanced terminals are in phase with each other 
even in a frequency range near the pass band, thereby 
20 achieving a sufficient level of attenuation by utilizing the 
cancellation effect of the signals. Instead of differentiat- 
ing the number of electrode fingers of the reflectors be- 
tween the SAW filter devices, the duty ratio (electrode 
coverage), the pitch, or the thickness of the reflectors 
25 can be changed between the SAW filter devices, in 
which case, advantages similar to those of the first em- 
bodiment can be obtained. 

[0059] As one means to improve the attenuation by 
differentiating the structure of the reflectors, Japanese 
30 Unexamined Patent Application Publication No. 
7-131291 discloses cascade-connected SAW filter de- 
vices in which the pitch or the number of electrode fin- 
gers of the reflectors is changed between the first and 
second stages of the filters. 
35 [0060] In the above publication, the attenuation level 
is increased in view of the amplitude characteristics by 
changing the spurious frequency between the first and 
second stages. According to the present invention, how- 
ever, by utilizing the characteristics of a balanced filter 
40 in which electrical signals having equal amplitude char- 
acteristics and a phase difference of 180° at the bal- 
anced terminals cancel each other out, the attenuation 
level is improved. Thus, the principle of the present in- 
vention is totally different from that of the above publi- 
cs cation. 

[0061] A SAW filter apparatus constructed in accord- 
ance with a second embodiment of the present invention 
is described below with reference to Fig. 4. In the second 
embodiment, the components having functions similar 
50 to those of the first embodiment are designated with like 
reference numerals, and an explanation thereof is thus 
omitted. 

[0062] The SAW filter apparatus of the second em- 
bodiment includes first through fourth SAW filter devices 
55 201 through 204 on a piezoelectric substrate. In this 
SAW filter apparatus, a central IDT 228 of the second 
SAW filter device 202 is inverted relative to central IDTs 
221 of the first, third, and fourth SAW filter devices 201 , 
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203, and 204. In Fig. 4, the piezoelectric substrate is not 
shown. 

[0063] In the second embodiment, the number of 
electrode fingers of the central IDTs of the first through 
fourth SAW filter devices 201 through 204 is set to an 
even number With this configuration, as in the configu- 
ration of the first embodiment, the output terminals 112 
and 113 serve as balanced terminals. The structure of 
the reflectors 124 and 125 of the first and second SAW 
filter devices 201 and 202 is different from that of the 
reflectors 126 and 127 of the third and fourth SAW filter 
devices 203 and 204. For example, the number of elec- 
trode fingers of the reflectors is different between the 
first and second SAW filter devices 201 and 202 and the 
third and fourth SAW filter devices 203 and 204. With 
this configuration, the phase characteristics in the fre- 
quency range other than the pass band can be changed 
between the first and second SAW filters 201 and 202 
and the third and fourth SAW filters 203 and 204. It is 
thus possible to obtain a sufficient level of attenuation 
by utilizing the cancellation of electrical signals at the 
balanced terminals 112 and 113. 

[0064] A description is now given of a SAW filter ap- 
paratus constructed in accordance with a third embod- 
iment of the present invention with reference to Fig. 5. 
The SAW filter apparatus of the third embodiment in- 
cludes first and second SAW filter devices 301 and 302 
on a piezoelectric substrate. 

[0065] The transmission phase characteristics of the 
second SAW filter device 302 are substantially 1 80° out 
of phase with those of the first SAW filter device 301 . 
This is because a central IDT 328 of the second SAW 
filter device 302 is inverted relative to the central IDT 
1 21 of the first SAW filter device 301 . 
[0066] The piezoelectric substrate is not shown in Fig. 
5. The components having functions similar to those of 
the first embodiment are indicated by like reference nu- 
merals, and an explanation thereof is thus omitted. 
The configuration of the first SAW filter device 301 is: 

interdigital length W: 115 um; 

number of pairs of electrode fingers of second IDT: 

12; 

number of pairs of electrode fingers of first IDT: 1 7; 

number of pairs of electrode fingers of third IDT: 12; 

IDT pitch PI: 2.10 urn; 

duty ratio (electrode coverage) UP: 0.72; 

number of electrode fingers of reflector NR: 90; 

reflector pitch PR: 2.15 um; and 

thickness of reflector: 345 nm. 

The configuration of th e second SAW filter device 302 is: 

interdigital length W: 115 urn; 

number of pairs of electrode fingers of second IDT: 

12; 

number of pairs of electrode fingers of first IDT: 1 7; 
number of pairs of electrode fingers of third IDT: 1 2; 



IDT pitch PI: 2.10 [tm; 
duty ratio (electrode coverage) UP: 0.70; 
number of electrode fingers of reflector NR: 73; 
reflector pitch PR: 2.15 um; and 
5 thickness of reflector: 345 nm. 

A LiTa0 3 substrate is used as the piezoelectric sub- 
strate. 

[0067] According to the third embodiment, the trans- 
it mission characteristics having a phase difference of 
180° and substantially equal amplitude characteristics 
in the stop bands of the reflectors between the first and 
second SAW filter devices 301 and 302 are obtained. 
[0068] By connecting the first and second SAW filter 
15 devices 301 and 302 as in the third embodiment, it is 
possible to obtain a SAW filter apparatus in which the 
input terminal serves as an unbalanced terminal, and 
the output terminals serve as balanced terminals. 
[0069] There is a frequency range near the pass band 
20 and outside the stop bands of the reflectors in which a 
SAW is excited. The transmission characteristics of this 
frequency range are determined by the number, the duty 
ratio (electrode coverage), the pitch, and thickness of 
electrode fingers of the reflectors. 
25 [0070] Accordingly, if the structures of the reflectors 
are equal between the first and second SAW filter de- 
vices 301 and 302, the phase characteristics of the elec- 
trical signals at the balanced terminals are inverted, as 
in the pass band, thereby failing to obtain a sufficient 
30 level of attenuation. 

[0071] In the third embodiment, by differentiating the 
number of electrode fingers of the reflectors, between 
the first and second SAW filter devices 301 and 302, the 
phase characteristics of the electrical signal in a fre- 
35 quency range other than the stop bands, in particular, 
in a range lowerthan the pass band, are changed. Thus, 
the electrical signals at the balanced terminals cancel 
each other out, thereby achieving a sufficient level of 
attenuation even in the region in the vicinity of the pass 
40 band. 

[0072] A SAW filter apparatus constructed in accord- 
ance with a fourth embodiment of the present invention 
is discussed below with reference to Fig. 6. In the fourth 
embodiment, first and second SAW filter devices 401 

45 and 402 are similar to the first and second SAW filter 
devices 301 and 302 of the third embodiment. In the 
fourth embodiment, a SAW resonator 403 is connected 
to each of the input terminals and the output terminals 
of the first and second SAW filter devices 401 and 402. 

50 The configuration of the SAW resonators 403 is: 

interdigital length W: 80 urn; 
number of pairs of electrode fingers of IDT: 90; 
IDT pitch PI: 2.10 jim; 
55 Duty ratio (electrode coverage) UP: 0.65; 

number of electrode fingers of reflector NR: 30; and 
reflector pitch PR: 2.10 urn. 
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A LiTa0 3 substrate is used as the piezoelectric sub- 
strate. 

[0073] In the SAW filter apparatus of the fourth em- 
bodiment, by connecting the SAW resonators 430 to the 
first and second SAW filter devices 401 and 402 (301 * 
and 302) as shown in Fig. 6, the attenuation in a region 
other than the pass band can be improved. 
[0074] In the fourth embodiment, the SAW filter appa- 
ratus is obtained by adding the SAW resonators 403 to 
the third embodiment. As in the third embodiment, the < 
phase characteristics of the electrical signal in a region 
other than the stop bands, in particular, in a range lower 
than the pass band, are changed, and the cancellation 
effect of the electrical signals at the balanced terminals 
is enhanced, thereby obtaining a high level of attenua- < 
tion. 

[0075] Additionally, in the fourth embodiment, the 
SAW resonators 403 have a resonance point in the pass 
band, and have an antiresonance point in the region oth- 
er than the pass band, thereby effectively improving the ■ 
attenuation in a specific frequency range without in- 
creasing the in-band loss. 

[0076] Although in the foregoing embodiments a plu- 
rality of SAW filter devices are used, only a single SAW 
filter device, for example, the fourth SAW filter device 
104 may be used. In this case, as in the foregoing em- 
bodiment, a balanced-to-unbalanced conversion func- 
tion is provided, and the structures of the reflectors are 
differentiated as discussed above. Then, the spurious 
level can be reduced. 

[0077] Additionally, for inverting the phase of at least 
one of the SAW filter devices to the phases of the other 
SAW filter devices, the direction of one central IDT is 
inverted. However, the pitch between certain IDTs may 
be changed from the pitches of the other IDTs by about 
0.5 X (wavelength) so that the corresponding SAW filter 
device may be set 1 80° out of phase with the other SAW 
filter devices. 

[0078] In the aforementioned embodiments, the input 
terminal is used as the unbalanced terminal, and the 
output terminals are used as the balanced terminals. 
However, the input terminals may serve as the balanced 
terminals, and the output terminal may serve as the un- 
balanced terminal. 

[0079] A description is now given, with reference to 
Fig. 7, a communications apparatus according to a fifth 
embodiment of the present invention using the SAW fil- 
ter apparatus of one of the first through fourth embodi- 
ments. 

[0080] In a communications apparatus 600, as shown 
in Fig. 7, a receiver (Rx) includes an antenna 601, an 
antenna duplexer/RF top filter 602, an amplifier 603, an 
Rx section filter 604, a mixer 605, a first IF filter 606, a 
mixer 607, a second IF filter 608, afirst-and-second-sig- 
nal local synthesizer 611 , a temperature compensated 
crystal oscillator (TCXO) 612, a divider 613, and a local 
filter 61 4. 

[0081] As indicated by two lines between the Rx sec- 



tion filter 604 and the mixer 605 shown in Fig. 7 S two 
balanced signals are preferably transmitted from the Rx 
section filter 604 to the mixer 605 in order to maintain 
the balance characteristics. 

> [0082] In the communications apparatus 600, a trans- 
mitter (Tx) includes the antenna 601 , the antenna du- 
plexer/RF top filter 602, a Tx IF filter 621 , a mixer 622, 
a Tx section filter 623, an amplifier 624, a coupler 625, 
an isolator 626, and an automatic power control (APC) 

o device 627. The antenna 601 and the antenna duplexer/ 
RF top filter 602 are shared by the receiver (Rx) and the 
transmitter (Tx). 

[0083] The SAW filter apparatus of any one of the first 
through fourth embodiments is suitably used as the Rx 
(5 section filter 604, the first IF filter 606, the Tx IF filter 
621 , and the Tx section filter 623. 
[0084] The SAW filter apparatus of the present inven- 
tion is provided with not only a filtering function, but also 
a balanced-to-unbalanced conversion function, and al- 
so so exhibits a high level of attenuation in a region other 
than the pass band, in particular, in a range lower than 
the pass band. Thus, according to the communications 
apparatus including the above-described SAW filter ap- 
paratus having a composite function, the number of 
25 components of the communications apparatus can be 
reduced, and accordingly, the size of the overall com- 
munications apparatus can be decreased. The trans- 
mission characteristics (communications characteris- 
tics) can also be improved. 
30 [0085] Although the present invention has been de- 
scribed above with reference to certain presently-pre- 
ferred embodiments thereof, it is to be understood that 
modifications can be made without departing from the 
invention as defined in the accompanying claims. 

35 

Claims 

1. A surface acoustic wave filter apparatus compris- 
40 ing: 

a surface acoustic wave filter device (104) 
formed on a piezoelectric substrate, said sur- 
face acoustic wave filter device including: 

45 

a plurality of interdigital transducers 
(122,123,128) formed in a direction in 
which a surface acoustic wave propagates; 
and 

so reflectors (126, 127) disposed for reflecting 

the surface acoustic wave propagating 
from each of the plurality of interdigital 
transducers to the corresponding interdig- 
ital transducer, said surface acoustic wave 

55 device being provided with a balanced-to- 

unbalanced conversion function, 

wherein the structure of at least one (126) of 
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the reflectors is different from the structure of the 
other reflector (127). 

2. A surface acoustic wave filter apparatus compris- 
ing: 5 

a first surface acoustic wave fitter device (301) 
disposed on a piezoelectric substrate and in- 
cluding a plurality of interdigital transducers 
(121-123) formed in a direction in which a sur- 10 
face acoustic wave propagates, and reflectors 
(124-5) disposed such that they sandwich the 
plurality of interdigital transducers therebe- 
tween; 

a second surface acoustic wave filter device '5 
(302) disposed on the piezoelectric substrate 
and including a plurality of interdigital transduc- 
ers (1 22,1 23,328) formed in a direction in which 
a surface acoustic wave propagates, and re- 
flectors (126,127) disposed such that they 20 
sandwich the plurality of interdigital transduc- 
ers therebetween, transmission phase charac- 
teristics of said second surface acoustic wave 
filter device (302) being 180° out of phase with 
transmission phase characteristics of said first 25 
surface acoustic wave filter device (301); 
an unbalanced terminal (111) for electrically 
connecting one terminal of said first surface 
acoustic wave filter device in parallel to one ter- 
minal of said second surface acoustic wave f il- 30 
ter device; and 

balanced terminals (112,113) for electrically 
connecting the other terminal of said first sur- 
face acoustic wave filter device to the other ter- 
minal of said second surface acoustic wave f il- 35 
ter device, 



plurality of interdigital transducers (121-3) 
formed in a direction in which a surface acoustic 
wave propagates, and reflectors (124-5) dis- 
posed such that they sandwich the plurality of 
interdigital transducers therebetween; 
a fourth surface acoustic wave filter device 
(1 04) formed on the piezoelectric substrate and 
including a plurality of interdigital transducers 
(122,123,128) formed in a direction in which a 
surface acoustic wave propagates, and reflec- 
tors (126-7) disposed such that they sandwich 
the plurality of interdigital transducers therebe- 
tween, transmission phase characteristics of 
said fourth surface acoustic wave filter device 
(1 04) being 1 80° out of phase with transmission 
phase characteristics of said first, second . and 
third surface acoustic wave filter devices 
(101-3); 

an unbalanced terminal (111) for electrically 
connecting one terminal of a first group ob- 
tained by cascade-connecting said first and 
second surface acoustic wave filter devices 
(101-2) in parallel to one terminal of a second 
group obtained by cascade-connecting said 
third and fourth surface acoustic wave filter de- 
vices (103-4); and 

balanced terminals (112-3) for electrically con- 
necting the other terminal of the first group 
(1 01 -2) in series to the other terminal of the sec- 
ond group (103-4), 

wherein the structure of the reflectors (126-7) 
of at least one (103-4) of said first through fourth 
surface acoustic wave filter devices is different from 
the structure of the reflectors (124-5) of the other 
surface acoustic wave filter devices (1 01 -2). 



wherein the structure of the reflectors (124-5) 
of said first surface acoustic wave filter device (301 ) 
is different from the structure of the reflectors 40 
(126-7) of said second surface acoustic wave filter 
device (302). 

3. A surface acoustic wave filter apparatus according 
to claim 2, wherein the reflectors (1 24-5) of said first ^ 
surface acoustic wave filter device (301 ) are differ- 
ent from the reflectors (126-7) of said second sur- 
face acoustic wave filter device (302) in at least one 
of the number, the pitch, the duty ratio, and the thick- 
ness of electrode fingers of the reflectors. so 



5. A surface acoustic wave filter apparatus according 
to claim 4, wherein the structure of the reflectors 
(1 24-5) of the first group (1 01 -2) is different from the 
structure of the reflectors (126-7) of the second 
group (103-4). 

6. A surface acoustic wave filter apparatus according 
to claim 4 or 5, wherein the structures of the reflec- 
tors (124-7) are different among said first through 
fourth surface acoustic wave filter devices (101-4) 
in at least one of the number, the pitch, the duty ra- 
tio, and the thickness of electrode fingers of the re- 
flectors. 



4. A surface acoustic wave filter apparatus compris- 7. A communications apparatus comprising the sur- 

i ng: face acoustic wave filter apparatus set forth in any 

one of Claims 1 to 6. 

first, second, and third surface acoustic wave 55 
filter devices (101-3) formed on a piezoelectric 
substrate, each of said first, second, and third 
surface acoustic wave filter devices including a 
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